The giant panda (Ailuropoda melanoleuca) is one of the most endangered 13 animals in the world, and it is recognized worldwide as a symbol for conservation. A 14 previous study showed that wild and captive pandas were exposed to toxins in their diet of 15 bamboo, but the ultimate origin of these toxins is unknown. Here we show that atmospheric 16 deposition is the origin of heavy metals and persistent organic pollutants (POPs) in the diets 17 of captive and wild Qinling giant pandas. Atmospheric deposition averaged 115 and 49 18 g•m -2 •yr -1 at China's Shaanxi Wild Animal Research Center (SWARC) and Foping National 19
Introduction
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The giant panda (Ailuropoda melanoleuca (David, 1869) ) is one of the most endangered 29 animals in the world and a worldwide symbol for conservation. Two strategies, developed in 30 the last several decades, are now used to protect this flagship endangered species. One 31 strategy uses ex-situ breeding in, for example, the zoos of Beijing and the seven breeding 32 centers, established since the 1950s, of Wolong and Chengdu. The other strategy has been to 33 establish natural conservation zones that preserve panda habitat: 50 conservation zones, with 34 a total area > 20,000 km 2 , have been delimited (Zhang and Wei 2006) . In these conservation 35 zones, efforts are ongoing to reduce habitat destruction, logging, resource exploitation, and 36 tourism, all of which threaten wild panda populations. 37 As China's economy has developed rapidly, environmental problems have emerged. 38 This trade-off of environmental quality for economic development was common in the 39 developed nations (Seinfeld 2004) , and in China has had predictable effects of particulate 40 pollution influencing air quality, regional and global climates, and human health (Cao et al. (Sun et al. 2005 , SFA 2015 . Captive pandas at SWARC and 59 wild pandas elswhere in the region are exposed to heavy metals and persistent organic 60 pollutants (POPs), including PCBs (polychlorinated biphenyls), PCDDs (polychlorinated 61 dibenzo-p-dioxins), and PCDFs (polychlorinated dibenzofurans) through their diet of bamboo 62 (Chen et al. in press) . However, the ultimate origin of these pollutants is not known. Here we 63 test the hypothesis that these pollutants are derived from atmospheric deposition. Zhouzhi County, Xi'an city, 34° 06´ N, 108° 32´ E), and Xi'an City (34° 23´ N, 108° 89´ E). 70 Samples of dry deposition and precipitation were collected continuously for one year into 71 66×40×12-cm plastic containers located at four sites at FNNR, three at SWARC, and four in 72 Xi'an city. During the sampling period, purified water was added to the containers to avoid 73 the collected deposition being blown out of the containers. After collection, the containers 74 were rinsed with purified water to release particles deposited or sorbed onto the container 75 walls. At the same time, soils samples also were collected from FNNR and at SWARC where 76 bamboos are planted to feed captive pandas. Both the suspensions and the soil samples were 77 dried to a constant weight at 60 ºC before being homogenized with a ball mill. 78 Heavy metal analysis 79 Five hundred mg of each sample was placed into a Teflon digestion vessel to which was 80 added 11 mL GR-grade acid digestion mixture (1mL HNO3, 3mL HCl, 5mL HF, 2mL 81 HClO4) for digestion with an electric hot plate. After digestion, samples were diluted to 50 82 mL with ultrapure water (18.2 MΩ/cm 2 Milli-Q water, Millipore). Heavy metal 83 concentrations were analyzed using atomic absorption spectroscopy (AAS, ZEEnit 700P, 84 Analytik Jena, Germany). Concentrations of Cu, Zn, Mn and Cr were measured using the 85 air-acetylene flame method with electrically modulated deuterium-HCl background 86 correction. The hydride-forming elements As and Hg were measured using the HS55 Hydride 87 System. Concentrations of Cd, Ni and Pb were measured using a graphite furnace AAS 88 5 coupled to a MPE 60 graphite autosampler with 2-field mode Zeeman effect background 89 correction. Heavy metal concentrations are expressed as μg/g 1 dry weight. 90 Analysis of persistent organic pollutants 91 Sample extraction, cleanup, and chemical analysis of POPs followed established methods 92 with some modifications (Liu et al. 2006 , Chen et al. 2016 , Li et al. 2008 . Samples from 93 atmospheric deposition were freeze-dried before being spiked with 13 C-labeled surrogate 94 standards (Environmental Protection Agency (EPA) methods 1613B and 1668A) and 95 undergoing accelerated solvent extraction with dichloromethane: hexane (1:1). Each sample 96 extract was adjusted to 50 ml with hexane; 15 g of acid silica (30% w/w) was added to 97 remove lipids. The acid silica was stirred for 2 h and the extract was poured through ≈5 g of 98 anhydrous sodium sulfate. All extracts were concentrated to 2 ml by rotary evaporation 99 before cleanup. All solvents were purchased from Fisher (Fair Lawn, New Jersey, USA). 
Results
134
The annual average rate (2013-2014) of atmospheric deposition of dust was 199 ± 6.50 135 g•m -2 •yr -1 in Xi'an city, 115 ± 9.84 g•m -2 •yr -1 at SWARC, but only 49 ± 6.79 g•m -2 •yr -1 at 136 FNNR. Deposition rates of all assayed heavy metals were significantly lower at FNNR than 137 at SWARC (Fig. 1) , and all but As were significant lower at SWARC than at Xi'an. In (Table 1) . The most prevalent PCDD/Fs were 1,2,3,4,6,7,8-HeptoCDF, OctaCDF and 149 1,2,3,4,6,7,8-HeptaCDD, whereas the most prevalent PCBs were 3,3',4,4'-TetraCB, 150 2,3,3'4,4'-PentaCB, 2,3',4,4',5-PentaCB. The WHO-TEQ for PCDD/Fs and PCBs (Fig. 3c, 3d ) 151 paralleled trends in atmospheric deposition rates of total PCDD/Fs and PCBs (Figs. 3a, 3b) . 
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The most prevalent congeners of PCDD/Fs recovered in samples of atmospheric 187 deposition were 1, 2, 3, 4, 6, 7, OctaCDF and 1, 2, 3, 4, 6, 7,  whereas the 188 most prevalent PCBs were 3,3 ', 4, 2, 3, 3'4, 2, 3', 4, 4', (Table   189 1). Total Concentrations of PCDD/Fs were higher at Xi'an than SWARC. Together, these data 190 indicated that the main toxic organic chemicals deposition at SWARC originated from Xi'an. 
Figure legends
